Background: Tongue squamous cell carcinoma (TSCC) is highly diverse, even in its early stages. This cancer is classified into three subtypes (superficial, exophytic, and endophytic) based on macroscopic appearance. Of these subtypes, the endophytic tumours have the worst prognosis because of their invasiveness and higher frequency of metastasis.
.
TSCC tumours are classified as superficial, exophytic, or endophytic based on their macroscopic appearance; among them, endophytic tumours have the worst prognosis (Kirita et al, 1994; Nakagawa et al, 2003) . The physical appearance of TSCC can be described in terms of tumour depth, infiltration of peritumoural lymphocytes, and vascular invasion (Li et al, 2003; Bier-Laning et al, 2009; Jung et al, 2009) . Although these parameters are useful for predicting occult cervical lymph node metastasis at first diagnosis, the risk of prediction error remains. Thus, there is an urgent need for additional diagnostic tools to support clinical decision-making to determine the best management and most appropriate treatment for each patient. More accurate diagnoses using sensitive biomarkers can improve the management of cancer treatments and increase survival rates (Estilo et al, 2009) . Such a biomarker for TSCC could provide better predictions of tumour responses to treatment. The general tumour markers currently available include SCCA, CEA, and CA19-9. They are clinically used to support the diagnosis of oral and metastatic squamous cell carcinoma, particularly in the lymph nodes (Kurokawa et al, 1993) . However, there is still no specific and clinically relevant biomarker for metastatic tongue cancer.
Molecular techniques examining gene mutations and expression patterns have the potential to reveal unique biological profiles of cancer cells. Gene expression analysis by high-throughput microarray technology is a promising method to predict the outcome of human transcriptomic abnormalities in malignancies. Because endophytic TSCC cells are more likely to migrate, identifying genes related to the endophytic subtype could potentially define the molecular biomarkers for TSCC migration and metastasis. Therefore, the purpose of this study was to identify predictive or prognostic biomarkers related to TSCC metastasis by investigating correlations between aberrant gene expression and endophytic TSCC comparing with non-endophytic TSCC (superficial and exophytic), which shows better prognosis with lower frequency of metastasis.
MATERIALS AND METHODS
Clinical tissue samples. Clinical biopsy tissues were obtained from patients who were candidates for TSCC brachytherapy between 2006 and 2010 and had not received radiation therapy before treatment at the University Hospital of Medicine, Tokyo Medical and Dental University (TMDU; Tokyo, Japan). This study was approved by the ethical review board at TMDU, and informed consent was obtained from all patients. Samples were analysed using microarray (27 cases) and immunohistochemistry (IHC) (29 cases). Of these 56 cases, 10 were analysed by both methods (Table 1) . Tissue sections were prepared on glass slides, stained with haematoxylin and eosin, and pathologically examined to distinguish clusters of tumour cells. Tumour samples were classified into three subtypes based on the macroscopic appearance of cellular growth patterns (Nakagawa et al, 2003) as follows: 10 superficial, 9 exophytic, and 8 endophytic-type samples analysed by microarray; and 9 superficial, 11 exophytic, and 9 endophytictype samples analysed by IHC.
RNA isolation and microarray analysis. Cancer cells were isolated from sectioned tissues by laser microdissection using the LMD6000 (Leica microsystems, Wetzlar, Germany). Total RNA was extracted using the RNeasy Micro Kit (QIAGEN, Hilden, Germany) and was amplified, biotinylated, and fragmented using the MessageAmp II-Biotin Enhanced Kit (Ambion, Austin, TX, USA) according to the manufacturers' instructions. The fragmented aRNA was applied to GeneChip Human Genome U133 Plus 2.0 (Affymetrix, Santa Clara, CA, USA) and incubated at 45 1C for 16 h, followed by washing and staining using Fluidic Station 450 (Affymetrix). The hybridized probe arrays were scanned with the GeneChip Scanner 3000 7G (Affymetrix). Microarray data used in this study are available at the NCBI Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/geo/) under the accession number GSE52915.
Quantitative expression analysis by real-time RT-PCR. Twelve total RNAs from a microarray sample set were converted to firststrand cDNAs using the High-Capacity cDNA Reveres Transcription kit (Applied Biosystems, Foster City, CA, USA). Quantitative real-time RT-PCR (qRT-PCR) was performed using the Applied Biosystems 7500 Fast real-time RT-PCR system with IQ SYBRGreen Supermix (Bio-Rad, Hercules, CA, USA). The specific primer sets for PARVB were as follows: Forward, 5 0 -CATCCGCCT TCCTGAGCAT-3 0 ; Reverse, 5 0 -AGCAGGCCTTCCCGTTTC-3 0 . Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an endogenous control. Polymerase chain reactions were run in duplicate, and relative gene expression levels were calculated as fold-change values by DataAssist v3.0 (Applied Biosystems). Significant differences in PARVB expression between endophytic and non-endophytic types were statistically analysed.
Immunohistochemical assay of PARVB in endophytic and non-endophytic tumours. To investigate PARVB protein expression levels, we immunohistochemically stained 29 samples (9 endophytic and 20 non-endophytic). Endogenous peroxidase activity was blocked by soaking the sectioned tissues on glass slides in methanol-hydrogen peroxide solution (100 : 1) for 30 min. Tissue sections were then washed with PBS and incubated for 1 h with blocking solution from the Histofine SAB-PO (M) kit (Nichirei, Tokyo, Japan). Sections were then covered with mouse monoclonal anti-PARVB antibody solution (1 : 30 dilution, Abnova, Taipei, Taiwan) and incubated overnight at 4 1C. Slides were then incubated for 20 min at room temperature with biotinylated goat anti-mouse secondary antibody, followed by a 15-min incubation with biotinstreptavidin. The peroxidase reaction was performed by incubation in DAB solution for 5 min at room temperature. Finally, all sections were stained with haematoxylin for 30 s. Stained cancer cells were evaluated by the pathologist. To quantitate the IHC results, positively and negatively stained tumour cells were counted in five different areas (5 Â 10 3 mm 2 each) that were randomly selected in each sample; the mean positive ratio was calculated as follows: mean positive ratio ¼ positive cell count/(positive cell count þ negative cell count). The expression of PARVB was compared between endophytic and non-endophytic TSCCs using the Wilcoxon rank sum test.
Difference in metastasis-free survival with respect to PARVB expression. Immunohistochemistry data were analysed for a potential correlation between metastasis-free survival (MFS) and PARVB overexpression using the Kaplan-Meier method. Patients with an IHC-positive ratio o50% were classified as 'low expression,' whereas those with an IHC-positive ratio X50% were classified as 'high expression'. The follow-up period for MFS was calculated as the interval between the first day of brachytherapy and the date when lymph node metastasis was observed or the last follow-up date.
SAS cell culture and PARVB expression. SAS cells (TKG 0470, an invasive type of TSCC) were purchased from the Cell Resource Center for Biomedical Research of Tohoku University and cultured in Dulbecco's Modified Eagle's Medium (Sigma-Aldrich, St Louis, MO, USA) with 10% foetal bovine serum and 1% penicillin at 37 1C in a humidified, 5% CO 2 environment. To measure the gene expression of PARVB, total RNA was extracted using ISOGEN (NIPPON GENE, Tokyo, Japan) and reverse-transcribed into first strand cDNA using the High-Capacity cDNA Reverse Transcription kit (Applied Biosystems). Polymerase chain reaction amplification was performed using the Taq PCR master mix kit (QIAGEN) with PARVB primers. GAPDH primers were also used to detect endogenous GAPDH expression as a control.
PARVB knockdown and cell growth assay. The knockdown assay was conducted with small interference RNA (siRNA) targeting human PARVB (siPARVB; sense sequence: 5 0 -AAGCU-GAAUUUGGAGGUGACG-3 0 ), as previously described . Approximately 1 Â 10 5 SAS cells were seeded into each well of a 24-well plate and cultured at 37 1C for 24 h. Cells not transfected with siRNA (untransfected cells) or those transfected with non-silencing and scramble siRNA (AllStars Negative Control siRNA, QIAGEN) or siPARVB were used as controls. All transfections were conducted with the RNAi Human/Mouse starter kit (QIAGEN). The optimal incubation time for siPARVB was determined by incubating the cultures at 37 1C for 24 h, 48 h, 72 h, or 96 h, followed by total RNA extraction with ISOGEN and reverse-transcription to cDNAs. The efficacy of RNA interference by siPARVB was quantitatively confirmed by time-course measurements of PARVB expression using real-time qRT-PCR with Fast SYBR Green Master Mix (Applied Biosystems). The possible side-effects of siPARVB on cell proliferation were evaluated using the Cell Counting Kit-8 (CCK-8, Dojindo, Kumamoto, Japan) using the same incubation conditions as the time optimisation assay. The absorbance of culture supernatants was measured at 0 h, 24 h, 48 h, 72 h, and 96 h with CCK-8 reagent at 450 nm using the iMark Microplate Absorbance Reader (BioRad). All assays were performed in triplicate. The growth rates of PARVB knockdown cells were compared with those of control untransfected SAS cells and cells treated with negative control siRNA.
Migration and wound-healing assays. To analyse the migration capacity of SAS cells under PARVB suppression, migration and wound healing were assayed. SAS cells were cultured to 100% confluence in 24-well plates. The migration assay was performed using transparent polyethylene membrane cell culture inserts with an 8.0 mm pore size (BD Biosciences, Franklin Lakes, NJ, USA) following the manufacturer's instructions. Cells (5 Â 10 4 ) were seeded in 500 ml serum-free medium per well in the upper chamber. Negative control siRNA and siPARVB were separately transfected into cells and control cells were also prepared without transfection. Medium (750 ml) containing 10% foetal bovine serum was added to the lower chamber. After 72 h incubation at 37 1C, cells were fixed and stained with Diff-Quik (BD Biosciences). Stained cells that migrated through the membrane were counted in five random areas (5 Â 10 4 mm 2 each) under the microscope. To observe the wound-healing response, two parallel scratches were made on the confluent culture cells using a sterile 1 ml micropipette tip, followed by washing and the addition of 500 ml fresh foetal bovine serum-free medium. The wound areas were monitored under the microscope at 0 and 72 h after siPARVB transfection, and the ratios of the mean distances were calculated from measurements at five randomly chosen areas.
Statistical analysis. For microarray analysis, raw data were processed using the robust multi-array average method with R statistical software version 2.12.1 (http://www.r-project.org/) and the 'affy' Bioconductor package (http://www.bioconductor.org/). Probe sets corresponding to known genes were selected based on the NetAffx annotation file version 32 (available at http:// www.affymetrix.com/analysis/index.affx). Probe sets marked as 'present' by Expression Console Software version 1.1 (Affymetrix) in more than 50% of the patients were then selected. Differentially expressed genes were identified using the Wilcoxon rank sum test with the Wilcox exact function provided by the 'coin' package available through the Comprehensive R Archive Network (http:// cran.r-project.org/). Probe sets that satisfied Po0.01 and a change 4two-fold between endophytic and non-endophytic TSCCs were considered significant. The genes differently expressed among the superficial, exophytic, and endophytic types were identified by Kruskal-Wallis test with a significance level of Po0.01. The Wilcoxon rank sum test was applied to qRT-PCR results to identify differences in relative gene expression between endophytic and non-endophytic cancer tissues. The Wilcoxon rank sum test was also used to determine differences between positive and negative ratios of IHC-stained cancer cells in each sample. The Kaplan-Meier method was applied to estimate the MFS curve; the difference between groups was calculated using the log-rank test. Po0.05 was considered statistically significant.
RESULTS
Comparison of gene expression between TSCC subtypes. Microarray data were used to identify genes differentially expressed between endophytic and non-endophytic TSCC. Out of 57 613 probe sets on the Human Genome U133 Plus 2.0 array, 41 479 were known human genes. Of these, 23 264 probe sets were present in more than 50% of the patients. Using the Wilcoxon rank sum test and two-fold change threshold, we identified 26 differentially expressed genes corresponding to 32 probe sets (Supplementary Table 1 ). The robustness of the sample classification was also confirmed by hierarchical clustering of the 26 genes exhibiting significantly differential expression (Supplementary Figure 1) . Most of the 26 genes were highly expressed among endophytic samples. Between the superficial, exophytic, and endophytic types, 149 probe sets were differentially expressed (Po0.01 by KruskalWallis test). Hierarchical cluster analysis indicated that the endophytic type was distinguished from superficial and exophytic types except in three patients with the exophytic type (Supplementary Figure 2) . Of the differentially expressed genes, nine were identified according to Gene Ontology terms as mediating functions involved in invasion or metastasis, such as cell adhesion, cell migration, cell-cell adhesion, cytoskeletal organization, positive regulation of cell-matrix adhesion, regulation of cell migration, and regulation of cell motility (Supplementary Table 2 ). We selected PARVB for further study based on a literature survey indicating a major role for PARVB in cell adhesion and cancer invasion. An association between PARVB and TSCC has not been previously reported.
Quantitative expression analysis by real-time RT-PCR.
Expression of the PARVB gene was confirmed quantitatively by real-time RT-PCR. Quantitative RT-PCR results showed that PARVB expression was significantly higher in endophytic TSCC (Po0.005) (Figure 1) , indicating a similar profile as the microarray experiments.
Immunohistochemical assay quantitatively confirms differential expression of PARVB. Immunohistochemistry was performed to determine whether the protein encoded by the PARVB gene was highly expressed in endophytic-type TSCC (n ¼ 29). Positive staining of PARVB was mostly observed in the cytoplasm of endophytic-type tumour cells (Figure 2A ). Statistical analysis revealed PARVB protein expression was significantly higher in endophytic-than non-endophytic-type TSCC (Po0.0001) ( Figure 2B ). This result confirmed that the overexpression of PARVB occurred at both the mRNA and protein levels.
Influence of PARVB expression on lymph node metastasis. Metastasis-free survival analysis was performed to determine the correlation between PARVB expression and lymph node metastasis. We observed that patients with higher expression of PARVB had significantly lower MFS rates than did those with lower expression (log-rank test, Po0.05) (Figure 3) . PARVB thus correlated positively with metastasis.
Effect of PARVB knockdown on cell proliferation, cell migration, and wound-healing rates in SAS cells. The inhibitory effect of siPARVB and optimal incubation time were demonstrated by the quantitative analysis showing that PARVB expression was most effectively inhibited by siPARVB at 72 h (Supplementary Figure 3) although negative siRNAs had a slight suppressive effect. More than 50% of the gene expression was suppressed for at least 48 h. Although PARVB expression was significantly suppressed in PARVB knockdown cells, we observed no remarkable difference in cell proliferation rates between SAS control cells, negative siRNA, and PARVB knockdown cells (Figure 4A ), indicating that suppression of PARVB mRNA expression did not affect cell proliferation. The migration assay showed a marked decrease in the migration rate of PARVB knockdown cells compared with that of untransfected control and negative siRNA cells ( Figure 4B and C) . This result implies that the expression of PARVB is a key factor conferring migratory ability to TSCC. To determine whether PARVB expression has an effect on migration rates during wound repair, wound healing was compared between SAS cells with and without siPARVB transfection. Wounds repaired faster in cells expressing PARVB than in PARVB knockdown cells ( Figure 5A ). Moreover, PARVB knockdown cells located at the wound edges changed from needle-shaped, similar to fibroblasts, to roundshaped. The appearance of SAS cells expressing PARVB did not change ( Figure 5B) . Therefore, PARVB expression was shown to play a role in conferring migration capability during the woundhealing process.
DISCUSSION
Expression of the parvin-beta (PARVB) gene and its encoded protein was significantly upregulated in endophytic-type TSCC. PARVB is known to play a critical role in actin reorganization and focal adhesions. Knockdown of PARVB expression in vitro caused apparent decreases in cell migration and wound healing, implying that PARVB has a crucial role in cell motility. Metastasis-free survival was significantly lower in patients with higher tumour expression of PARVB. These findings suggest that PARVB overexpression may be a biomarker for endophytic tumours and metastasis.
Numerous studies have investigated molecular biomarkers and their relationships to the pathogenesis of oral cancer. Abnormal expression of MAGED4B and KLK13 was reported to correlate with metastasis in oral cancer (Chong et al, 2012; Ishige et al, 2013) . In addition, copy number aberrations, including 11q13 amplification and NKX3-1 loss, have been reported as potential biomarkers associated with metastasis (Sugahara et al, 2011; Miyaguchi et al, 2012) . However, macroscopic subtypes have rarely been considered for studying tumour molecular signatures. Understanding endophytic TSCC is particularly important, as this is the most invasive TSCC subtype, with the highest risk of lymph node metastasis and consequently lower survival (Kirita et al, 1994; Sunakawa et al, 2002; Nakagawa et al, 2003) .
In the present study, we performed comprehensive gene expression analysis to find predictive or prognostic biomarkers related to the endophytic subtype. Microarray analysis identified 26 genes with significant differences in expression between endophytic and non-endophytic subtypes. Quantitative RT-PCR and IHC assays confirmed significant overexpression of the PARVB gene and its encoded protein in endophytic TSCC. Although the remaining genes may have important associations with the endophytic phenotype and should be further investigated, we focused this study on the significance of PARVB overexpression.
PARVB encodes an actin-binding protein, also known as affixin, that is highly expressed in the skeletal muscles, spleen, heart, and kidneys (Korenbaum et al, 2001; Yamaji et al, 2004; Matsuda et al, 2008) . Although the molecular mechanism of PARVB in healthy cells has been described, the role of PARVB in cancer progression remains unclear. PARVB is known to play important roles in cell spreading and motility and is also essential for extracellular matrix adhesion (Sepulveda and Wu, 2006; Wu et al, 2010) . Disruptions in cell-cell and cell-extracellular matrix adhesions are necessary for the migration and invasion processes. Therefore, cell-surface adhesion molecules play key roles in tumour cell migration, the capacity of epithelial cells to invade adjacent tissue, to drive metastasis (Hanahan and Weinberg, 2000) .
PARVB contains two calponin homology domains: an N-terminal domain (CH1) and a C-terminal domain (CH2) (Gagné et al, 2010) . The CH1 domain is phosphorylated by a-PIX, leading to the activation of Cdc42/Rac1, followed by actin reorganization, lamellipodium formation, and cell spreading (Yamaji et al, 2001 Mishima et al, 2004; Matsuda et al, 2008) . The CH2 domain is phosphorylated by integrin-linked kinase; located in focal adhesions, this scaffold protein activates a-actinin and causes the actin cytoskeletal reorganization essential for lamellipodium formation and cell motility Matsuda et al, 2008; Gagné et al, 2010) . PARVB is known to localize nearby at the leading edges of cells where the lamellipodium forms (Liu et al, 2000; Condeelis et al, 2001) . Additional studies are required to identify the CH domain(s) and downstream elements interacting with PARVB signalling in endophytic TSCC to promote tumour metastasis. Lamellipodia are mature actin-based structures involved in cell invasion and metastasis. They function by generating force on the extracellular matrix to promote cell migration through the following series of steps: extension (assembly of actin filaments), adhesion (attachment of actin filaments and cytoskeletal integrins), contraction (bilateral cell contraction toward the nucleus), and release (dissociation of receptor agonist at the back of cell) (Sheetz et al, 1998) . If cell extensions fail to attach to the substratum, they fold back and movement stops. Lamellipodia also induce distinct morphological changes. In the present study, the sharp extensions observed in control cells may have been formed by lamellipodia because they were absent in PARVB knockdown cells. The disruption of lamellipodia formation by PARVB suppression supports a key role for PARVB in actin polymerization Matsuda et al, 2008) . In addition, the main function of lamellipodia is the quick repair of tissue damage (Tse et al, 2012) . We confirmed that the rates of migration and wound healing increased with PARVB expression in human TSCC cells. These may be partially explained by the promotion of lamellipodia formation regulated by PARVB-induced actin polymerization . Moreover, PARVB knockdown suppressed cell migration and wound healing with a loss of lamellipodia in a tongue cancer cell line. Taken together, these observations suggest that PARVB overexpression plays an important role in the initiation of lamellipodia formation, possibly through signalling, inducing the reorganization of the actin cytoskeleton and ultimately leading to enhanced cell migration and wound healing. Studies with larger cohorts and further investigations of the specific molecular functions of PARVB are required to gain a full understanding of its role in lamellipodia formation.
Previous studies have reported that PARVB is downregulated in urothelial cell carcinoma and breast cancer (Mongroo et al, 2004; Wu et al, 2010) . Cell growth and migration in upper urinary tract urothelial cell carcinoma were significantly increased by the downregulation of PARVB (Wu et al, 2010) . Mongroo et al (2004) showed that PARVB expression was downregulated in advanced breast tumours and breast cancer cell lines and also suggested that the loss of PARVB expression promotes integrin-linked kinase activity in tumours. Although these authors discussed the interaction between PARVB and integrin-linked kinase, a correlation between PARVB expression and cell motility was not examined. To the best of our knowledge, no existing empirical research has shown a relationship between the overexpression of PARVB and TSCC or any other type of oral cancer. This is the first study reporting that PARVB is overexpressed in endophytic TSCC. Elucidation of the specific mechanism whereby PARVB affects cell invasion requires further study.
In conclusion, we comprehensively examined the gene expression profiles of tongue cancers based on macroscopic growth subtypes. Overexpression of PARVB was significantly associated with the endophytic tumour morphology. A significant correlation was also observed between PARVB expression and metastasis. In PARVB knockdown cells, migration and wound healing declined markedly, and the fibroblast-like structure was lost at the edge of wounds. Overall, these results suggest that the overexpression of PARVB increases cell migration and is a promising biomarker for endophytic growth and lymph node metastasis in TSCC. 
